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INTRODUCTION 


Total cubic-foot volume and merchantable cubic-foot volume inside bark 
for interior Alaska commercial tree species may be estimated Sn G ua- 
tions or tables given here. Diameter outside bark at breast height3/ (D) 
and total height (H) are the field measurements needed to use these equa- 
tions and tables for estimating volumes of white spruce (Picea glauca 
(Moench) Voss), aspen (Populus tremuloides Michx.), cottonwood (P. balsam- 
ifera L. and P. trichocarpa Torr. and Gray) and paper birch (Betula 

Papyrifera Marsh.) trees. While the equations and tables were made pri- 
marily for use in growth and yield studies, they are also suitable for 
other uses such as timber sales, management plans, and forest inventory. 
The equations will be particularly useful when electronic computer facili- 
ties are available, allowing much more rapid and accurate volume estimates 
than could be accomplished with the tables alone. . 


1/ Research reported here was in cooperation with the University of 
Alaska. 


2/ Research foresters, project leader, silvicultural research for 
the Interior forests, and Station biometrician, respectively. 


3/ Abbreviations will be used hereafter to refer to the following 
measures or points of measure frequently referred to in the text and tables: 
D.b.h. - diameter breast height. 
D.i.b. - diameter inside bark. 
D.o.b. - diameter outside bark. 


Volumes can be estimated for: 


Vr - the entire stem including stump and top 
V, - the stem between a 1-foot stump and 4-inch top d.i.b 
Vy - the stem between a l1-foot stump and 6-inch top d.i.b. 
V3 - the stem between a 2-foot stump and 8-inch top d.i.b 


Cubic measure, rather than board-foot measure, was selected because of 
the relatively small size of Interior trees. Stands of paper birch and 
aspen, for instance, seldom exceed 8 inches in average d.b.h. at theoreti- 
cal rotation age+ » and only a few stems ever exceed 13 inches. Average 
diameter in mature white spruce stands is usually less than 12 inches, 
although occasional stems may reach or even exceed 20 inches. Most mature 
Interior trees are in the lower limits of sawtimber size or smaller. Board 
feet, therefore, would be an extremely artificial and crude measure for 
estimating volumes for the bulk of the commercial forest resource. It 
might be justified on the basis of established local preference for use in 
sawtimber sales, but it would be a much less accurate volume measure than 
cubic feet. 


The basic data used in constructing the equations and tables were ob- 
tained from trees distributed from the Yukon River south to the Kenai 
Peninsula and from the Alaska-Canada boundary west to McGrath. A total of 
1,386 trees were felled and measured. Nearly all were from well- or 
moderately-well-stocked stands; few open grown trees were included in the 
basic data. The majority were from north of the Alaska Range. 

METHODS 

Field measurements for each sample tree included total height as well 

as d.o.b. and d.i.b. at 1-foot stump, 2-foot stump, b.h. (4.5 feet), and 


at maximum intervals of 8 feet to 8-inch, 6-inch, and 4-inch top d.i.b. 


Individual tree volumes were computed graphically.2/ Form quotient 
(Fg) was calculated for each sample tree by the following formula: 


F. = (d.i.eb. at 1/2 distance between b.h. and tip of stem) 
q SSS Oem 
debahe. PAbe 


where the numerator was read from the plotted tree curves. 


4/ About 90 years. 


5/ Spurr, Stephen H. Forest Inventory. 476 pp. New York: The 
Ronald Press Co, 1952. 
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Predictor equations for each volume class (Vy, V,, Vo and V3) of a 
species were determined by regression analysis. Initially, the 95 and 99 
percent F level stepwise results were studied for the basic equation: 


Vi = bo + byzD + boD* + b3H + byD2H + bsFq + beFgD 


The precision lost by eliminating F, and FD did not warrant their retention. 
The overwhelming strength of the power variable, D2H, was evident. Results 
at the two levels of F were identical. 


With tree data such as from this study, it is common for the standard 
deviation of residuals to be proportional to volume (i.e., heteroscedastic). 
In this case, standard deviation would increase with increasing values of 
D and H and, in effect, the upper end of the regression curves at high 
values of V; would venonely affect positioning of the lower end of the 
curves at low values of V;. Thus, lower V; values predicted by equation 
might not fit the basic data. To equalize variance and improve the fit, 
weighting was appived: Since volume is strongly related to D2H, weighting 
the regression by (D2H)~* should effectively equalize variance. However, 
because of expected merging//, unweighted regressions were also fitted to 
the data. 


Interest in both the weighted and unweighted equations was twofold: 
(1) the stepwise results of both forms of the equation offer more oppor- 
tunities to eliminate or minimize merging; and (2) the efficiency of 
weighted vs. apres enue” equations can be determined in the manner suggested 
by Furnival.8/ The two forms of the equation fitted were: 


Unweighted: Vz = bo + byD + boD? + b3H + byD2H 


Weighted: Vouunbel : bj l bjl bg l 
D2H D2H DH H p2 


6/ Boles, J. N. 40-series--stepwise regression system. Calif. Agr. 
Expt. "Stas. Dept. of Agr. Econ., U. of Calif., Berkeley, 43 pp. dittoed. 
June 1962. 


iy For example, with certain combinations of D and H, predictor 
values for volume class V3 might appear greater than corresponding Vo 
values. Variation in the data and sample-size distribution would account 
for this. 


8/ Furnival, G. M. An index for comparing equations used in con- 
structing volume tables. Forest Sci. 7:337-341. 1961. 


To express the weighted form of the regression in terms of V;, each 
term was multiplied by D2H. The standard error of estimate or root mean 
square of residuals (SEY, x) of the weighted form was de-transformed as 
follows: 


SEy,x in units of Vj = SEy.x wt'd. - antilog,, (1og,)D7H). 
An approximation of this is... SEy. x wt'd. ° (D2H). 
The relative efficiency of weighted vs. unweighted equations is... 


Ey ose 


antilog,, (log; DH) + SEy.x we'd. 


Unfortunately, the multiple coefficient of determination (R?), an 
index to the amount of variation accounted for by regression, could not be 
retrieved when weighting was used (table 1). Much of the variation 
associated with D?H is removed by the weighting technique before the actual 
regression is performed. Thus, the part of the variation removed as a 
result of weighting does not appear in R2. 


Weighting was helpful in 12 of the 16 volume equations (table 1). In 
every case, except for cottonwood V3, the equations were the final stepwise 
result. In cottonwood V3, some loss of precision was sacrificed to mini- 
mize merging. 


For the dozens of equations examined, the regression coefficient for 
D2H, the power variable, usually rounded to 0.002. 


The equations used, their precision, and the methods of coping with 
merging are presented in footnote 1 of each volume table. 


PRECAUTIONS IN APPLICATION 


The user may occasionally need to extend volumes beyond the presented 
tabular limits of D and H. This can cause merging among volume classes. 
If it does, a correction based upon subjective interpretation is the only 
possible solution. The user shouldadjust equation=derived volumes in what 
he thinks to be the most logical manner. Such adjustments should rarely 
be necessary, however, for few trees are expected to occur beyond the range 
of the tables. 


As mentioned, nearly all basic data were from forest-grown trees. The 
equations and tables may not, therefore, give accurate estimates of volume 
for open-grown trees. Volumes of the latter seem to vary considerably from 
forest-grown trees due, apparently, to differences in form. When working 
with open-grown trees it would be best to obtain an estimate of volumes by 
double sampling for the range of diameters and heights encountered, and 
then apply correction factors to the tabular volumes presented here. 


Table 1.--Precision and efficiency data for the employed 


volume equations by species and volume class 


: : Type of : : Efficiency, : 
Species : Volume : regression : SEy x ? weighted vs. : R2 
: class: analysis : : unweighted : 
Percent 
White Vr Wt'd. 449 215 Unknown2/ 
Spruce Vi Wt'd. 39 1.95 Unknown 
2 Wt'd. 6.4 1.70 Unknown 
Cottonwood Vr Wt'd. 564 2.16 Unknown 
Vi Wt'd. 5.8 2.16 Unknown 
Vo Wt'd. 7.8 1.60 Unknown 
V3 Unwt'd. 15.0 1.54 0.9734 
Aspen VT Wt'd. 7.6 71.51 Unknown 
V1 Unwt'd. 11.6 1.59 0.9791 
V2 Unwt'd. 12.6 1.18 0.9706 
V3 Wt'd. seat 1.26 Unknown 
Paper Vr Wt'd. 6.1 1.58 Unknown 
birch Vi Wt'd. 8.1 1.38 Unknown 
Vo Wt'd. 12.8 GAYS) Unknown 
V3 Wt'd. 19°53 1.26 Unknown 


aly R2 cannot be retrieved when weighting is used, as pointed out on 
page 4. 
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